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INTRACELLULAR LOCALIZATION OF TYROSINASE AND SITE OF
MELANIN FORMATION IN MELANOCYTE*
MAKOTO SEIJI, M.D., Pn.D., AND SADAO IWASHITA, MS.
In mammals, melanin is synthesized in spe-
cialized secretory cells known as melanocytes.
This cell is characterized by the presence of
tyrosinase, which is responsible for the aerobic
oxidation of L-tyrosine to dopa and to dopaqui-
none, which in turn, is converted to indole-5, 6-
quinone. This monomer then is oxidized and
polymerized to form a large polymer which is
believed to be attached, through its quinonc
linkages, to amino or sulfhydryl groups of the
protein matrix of the pigment granules (1, 2).
Recent electron-microscopic studies show that
the melanin granules appear to start in a region
of the melanocyte associated with the Golgi
membranes as hollow vesicles in which a tenuous
material appears in the form of a folded lamella.
This material is rapidly thickened and defined
by the deposition of more dense material which
is considered to be polymerized indole-5, 6-
quinone, although the nature of this material is
not yet thoroughly elucidated (3, 4). On the
other hand, morphological and biochemical
studies have indicated that in the secretory cell,
the rough surface membranes and the smooth
surface membranes which are main components
of the small granule fraction when it is frac-
tionated by the biochemical procedures, arc all
engaged in the formation of secretory sub-
stances and in the secretory mechanisms (5, 6,
7).
In this paper, cell organelles, such as rough
surface membranes and smooth surface mem-
branes of melanocyte, were isolated by the
newer biochemical technics; and tyrosinase ac-
tivities of these cell particles were determined
in order to clarify the biological process of the
tyrosinase biosynthesis and formation of mela-
nin granules in the melanocyte. And the activi-
ties of acid phosphatase, ATPase and glucose-6-
phosphatase were also determined in order to
obtain further information on the nature of
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these membranous structures. Whether melanin
formation can occur in the absence of tyrosinase
constitutes another problem, since in the mela-
nocyte, tyrosinase activity was found to be
present not only in melanosomes but also in the
small granule fraction. A comparison of incor-
poration of DL-dopa-C't in vivo and in vitro
into various cell particulate fractions isolated
from mouse melanoma is reported as a means
of clarifying the subeellular site of melanin
formation. The preliminary reports of these
results have already been published (5, 9).
EXPERIMENTAL AND METHODS
1. Preporation of Variouz Cell Components
The Harding Passey mouse melanoma and B-16
mouse melanoma used in the experiments reported
here were serially transplanted in Swiss strain and
C-57 strain mice respectively. The entire actively
growing tumors were excised when their diameter
reached 1.0—1.5 cm, and were promptly homog-
enized in 025 M sucrose at about 0°C. All sub-
sequent processing took place in a cold environ-
ment (about 3°C). The cell frhetionation method
was essentially that of Van Landser and Holtzer
(10). The nuclear fraction was prepared by cen-
trifuging the homogenate for 10 minutes at 700
X g. The resulting supernatant, when centrifuged
at 11,000 X g for 10 minutes, yielded a sediment
which was resuspended in 025 M sucrose and
recentrifuged at 15,000 X g for 10 minutes. The
sediment was again suspended in 025 M sucrose
and designated as the large granule fraction.
Small granule fraction was prepared b5r centri-
fuging the combined washings and supernatant
from the large granule fraction at 105,000 X g for
60 minutes by a Hitachi Ultraeentrifuge. Melano-
somal and mitoehondrial fractions were prepared
from the large granule fraction by the density
gradient centrifugation (11). The small granule
fraction was separated further into smooth sur-
face membranes and rough surface membranes
by the method described by Rothschild with a
slight modification (12). Ribosomes were prepared
from the small granule fraction by the method of
Ogata et at. (13).
2. Determination of Enryme Activity
Tyrosinase content was estimated manometri-
eally by measuring the oxygen consumption, using
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a 10:1 mixture of L-tyrosine and L-dopa as sub-
strate (1.77 micromoles) in M/10 phosphate buffer
pH 6.8 (14). ATFase and acid phosphatase activities
were determined by the method of Ernster and
Gianetto respectively (15, 16). Glucose-6-phospha-
tase was by Swanson's metbod (17).
3. Biochemical Analysis
The samples were analyzed according to tbe
technic of Scbmidt-Thannhauser (18) modified by
substituting perchloric acid for trichloroacetic
acid. The phospholipid was estimated from the
phosphorous content of the lipid fraction (PL-P).
Ribonucleic acid was calculated from the phos-
phorous content of the RNA fraction (RNA-P).
To determine the protein-nitrogen content, the
protein was precipitated by adding 10% trichloro-
acetic acid to each sample. The precipitate was
spun down, washed once with 5% trichloroacetic
acid and dissolved in '/io N NaOH solution. The
nitrogen conent of this alkaline solution was de-
termined by the method described by Johnson in
1941 (19).
4. Morphological Methods
For electronmicroscopy, suitable aliquots of
each fraction were mixed at 0°C with 2 per cent
osmium tetraoxide buffered with acetate veronal to
pH 7.4 and centrifuged at 105,000 X g for 1 hour.
The sediment was then dehydrated in a graded
series of ethyl alcohols and embedded in Stylen
methacrylate. The specimens were sectioned with
a Hitachi Ultrathin-microtome and studied by
means of a Hitachi Electronmicroscopy HU 6.
5. Incorporation of DL-do pa-C14 in vivo into
Various Cell Particles of Mouse Melanoma
Three or five, Swiss mice bearing Harding
Passey melanoma, 1—2 em in diameter, were
given an intraperitoneal injection of 1 microcurie
per 10 g body weight of DL-dopa-C'4 in 0.05 ml
of buffered saline solution. The mice were killed
at various intervals after injection of the dopa-C14,
and melanoma was immediately excised and ho-
mogenized in ice cold 0.25 M sucrose solution.
Various fractions were separated by the methods
described above. As a reference, liver was also
excised from the mouse from which the tumor
was removed; and large and small granules were
fractionated.
6. Measurement of the Radioactivity of the Var-
ious Fractions
After various fractions isolated were precipitated
in 0.4 N perchloric acid (final concentration) and
allowed at 4°C for at least 2 hours, the precipi-
tated protein was prepared for counting. An ali-
quot of various fractions was mixed with an
volume of 2 N perchloric acid solution and some
0.4 N perehloric acid solution and heated at 90°C
for 15 minutes. The protein thus precipitated was
separated by centrifugation and washed three
times more with 0.4 N perebloric acid solution; it
was then subjected to three washiogs; once with
an alcohol at room temperature and twice with
alcohol-ether (3:1, v/v) mixture at 60°C. An ali-
quot of the final precipitates, suspended in ether,
was transfered to the planehet for counting. The
radioactivity of the plated protein was deter-
mined by means of the Nihon Musen gas flow
counter and the total counts per minute per mg
protein was determined after gravimetrically de-
termining the amount of protein per planchet
and correcting for self-absorption. The specific
radioactivity of the various fractions is expressed
as count per minute per mg protein.
Radioactivity of free DL-dopa-C'4 in melanoma
and liver; radioactivity of acid soluble fraction
was determined as follows: One ml of homogenate
of liver and tumor was mixed with ¼ volume of
2 N perchloric acid solution and some 0.4 N
perchloric acid solution and then centrifuged at
3,000 rpm for 10 minutes. The supernatant was
collected and the precipitate was washed once
more with 0.4 N perchloric acid solution. The
supernatant and washing were mixed, neutralized
with KOH and made up 20 ml. 1 ml of the
neutralized supernatant was plated on the
planehet, dried and counted. The radioactivity of
the acid soluble fractions was expressed as total
count per minute.
6. Incorporation of DL-do pa-C14 in vitro by
Various Cell Particle Fractions isolated from
Mouse Melanoma
Cell particles to be assayed were incubated at
38°C with 8 mte DL-dopa-C'4 (5.75 me/mM),
0.1 M phosphate buffer, pH 6.8 and L-dopa
0.5 mg. The amount of cell organdIes to be used
for each experiment was adjusted 2 mg as a
protein. At the end of incubation, each reaction
mixture was treated with 10% hot trichloro-
acetic acid and the precipitate was washed 3 times
with 5% trichloroacetic acid, once with absolute
ethanol and 2 times with hot ethanol-ether (3:1).
The specific radio activity was estimated by the
method described above. Tyrosinase activity of
these cell particles used for the incorporation
experiments was also determined manometrically
using 0.1 mg of L-dopa in M/lO phosphate buffer
pH 6.8.
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RESULTS
Chemical Composition of Smooth and Rough
Surface Membranes and Ribosomes isolated
from Mouse Melanoma
Chemical compositions of smooth surface
membranes, rough surface membranes and
ribosomes isolated from melanoma tissue are
shown in Table I. These values are the average
of four observations. It is clearly shown that
smooth surface membranes contain a large
quantity of phospholipid and small amount of
RNA, and rough surface membranes, on the
contrary, contain a small amount of phospho-
lipid and large amount of RNA. The RNA
content of ribosomes isolated was found to be
55.7% of the total ribosomes and the ratio of
A,,, rn,j to A,5 mand A,,, ,,,,,of the ribosome prep-
aration was about 1.6 to 1.86 respectively (13).
Enzyme Activities of Melanosomes, Smooth
Surface Membranes, Rough Surface
Membranes and Ribosomes
As shown in Table II, most of tyrosinase ac-
tivity in the small granule fraction was found in
the smooth surface membranes. Although it is
a small amount, the tyrosinase activity was
found to be present in rough surface mem-
branes and ribosomes. Specific tyrosinase activ-
ity of smooth surface membranes isolated from
Harding Passey mouse melanoma was higher
than that of melanosomes. Melanosomes contain
significantly high acid-phosphatase and ATPase
activities. Glucose-6-phosphatase was very low
in the melanoma tissue compared with that of
liver of rat (15, 20). ATPase activity was higher
in smooth surface membrane than rough surface
membrane in melanoma but it was reversed in
liver of rat (15).
Electronmicro graphs of Smooth and Rough
Surface Membranes and Ribosomes
Electronmicrographs (Fig. 1, 2, 3) show that
smooth surface membranes consists mainly of
smooth surface vesicles and rough surface mem-
branes contain exclusively membranes with
small particles on their surface and free par-
ticles. Eleetronmicrograph of ribosomes (Fig.
3) show that this preparation consists mainly
of the 100—150 A electron dense ribonucleopro-
tein particles. Most of these particles are in a
cluster.
Incorporation of Do pa-C'4 in vivo by Various
Cell Particles isolated from Harding
Passey Mouse Melanoma
Radioactivity of the various cell particles
isolated from melanoma and liver at the end of
1, 2, 4, 6, 8 and 16 hours after injection of DL-
dopa-C'4 are listed in Table III. These values
are the average of two or three observations.
The protein contents of various cell particles in
one gram wet weight tissue are also listed. From
the results obtained, it is found that dopa-C'4
specifically incorporated by the melanoma tissue
and also shown clearly that the majority of
TABLE I
Chemical composition of smooth surface membranes, rough surface membranes and ribosomes isolated
from Harding Passey and B-UI mouse melanoma
Type of Melanoma RNAP* PLP*
Smooth surface mem-
branes
Harding Passey
B-16
24.9 pg/mg N
10.7 pg/g tissue
18.3 pg/mg N
285.5 pg/mg N
122.5 ,zg/g tissue
227 pg/mg N
Rough surface mem-
branes
Harding Passey
B-16
246 pg/mg N
394 pg/mg tissue
226 pg/mg N
26.3 lag/mg N
42.1 pg/g tissue
52.5 pg/mg N
Ribosomes Harding Passey
B-16
772 pg/mg Protein N
1117 pg/mg Protein N
40 pg/mg Protein N
49 pg/mg Protein N
* Amountof ribonucleic acid and phospholipid are shown as phosphorous contents of ribonucleic acid
(RNA-P) and phospholipid (PL-P).
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TABLE II
Enzymes activities in various fractions isolated from Harding Passey and B-16 mouse melanoma
Te of melanoma Enzymes Melano-some
Smooth
membrane
Rough
mem-
brane
Ribo-
some Units
B-16
Harding Passey
Harding Passey
Harding Passey
Harding Passey
Tyrosinase
Tyrosinase
Acid phosphatase
ATPase
Glucose-6-phosphatase
243
2570
1028
104
692
—
144
841
1956
68
1981
11
18
62
39
30
391
8
17
—
32
—
—
—-
p1/hr/mg N
pI/hr/g tissue
p1/hr/mg N
pg-P/g tissue
pg-Pig tissue
pg-P/g tissue
FIG. 1. Electronmicrograph of smooth surface membranes isolated from the small granule
fraction of Harding Passey mouse melanoma by density-gradient centrifugation. Particles are
almost exclusively smooth surface vesicles. Magnification X 80,000. The line in the lower part
of each electronmicrograph denotes the length of 0.5 micron.
dopa-C14 did incorporate into melanosomes in
the melanoma. The time course of incorporation
of dopa-C14 into the protein fraction of melano-
somes, smooth and rough surface membranes
which contained tyrosiimase activity is given in
Fig. 4. The values along the ordinate are ex-
pressed in count per minute per mg protein and
the horizontal in the time after the injection of
dopa-C'4. The immediate rapid labeling of the
protein fraction isolated from melanosomes was
noticed and this labeling continued at least
for 16 hours. Both the smooth and rough sur-
— I,
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a
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FIG. 2. Electronmicrograph of rough surface membranes isolated from the small granule
fraction of Harding Passey mouse melanoma by density gradient centrifugation. This fraction
was found to consist of two components; small electron dense particles (ribosome) and rough
surface endoplasmic reticulum. Magnification X 80,000.
fnce membranes of melanoma, on the other
hand, showed slight incorporation at the initial
phase but no further incorporation was observed.
The mitochondria also showed very much simi-
lar incorporation curve ns that of rough surface
membranes shown in Fig. 4. The time course of
radioactivity of DL-dopa-C14 into the acid solu-
ble fractions of liver and tumor is given in Fig.
5. The rapid infusion of the labeled dopa into
the liver was noticed, and after reaching its
maximum 30 minutes after injection, tbe con-
tent of labeled dopa in the liver dropped
sharply and kept its low level for some time.
The infusion of the labeled dopa into the tumor,
on the other hand, was relatively slow compared
with that of liver and reached its maximum at
the end of 60 minutes. The radioactivity of
labeled dopa gradually decreased thereafter, but
the relatively higher level, as compared with
that of liver, was maintained for the duration
of measurement, 16 hours.
Incorporation of Do pa-C14 in vitro by Various
Cell Particles isolated from Harding
Passey Mouse Melanoma
The time courses of incorporation of dopa-
C14 into the melanosomes and smooth surface
membranes are given in Fig. 6. The values along
the ordinate are expressed in counts per minute
per mg protein and the horizontal in the incuba-
tion time. The immediate rapid labeling of the
melanosomes was observed and at the end of 70
minutes, the incorporation of dopa-C'4 by the
melanosomes appeared to be almost completed.
The incorporation by the smooth membranes
was relatively slow compared with that of
melanosomes, and even at the end of 70 min-
utes, it seemed to still be increasing. There was
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FIG. 3. Electronmicrograph of ribosomes isolated from the small granule fraction of Harding
Passey mouse melanoma. Particles are almost exclusively small and dense and show some
clumping. Magnification X 80,000.
a definite difference between melanosomes and
smooth surface membranes in terms of the
speed of melanization. Fig. 7 shows the oxygen
uptake-time curves of these cell particles used
for the incorporation. The time courses of oxy-
gen uptake of melanosomes and smooth surface
membranes are quite similar, although the ini-
tial velocity of oxygen uptake of melanosomes
is slightly higher than that of smooth surface
membranes, and at the end of 70 minutes, the
amounts of oxygen consumed are nearly the
same.
DISCUSSION
The amounts of RNA and phospholipid found
in the smooth and rough surface membranes
isolated from both Harding Passey and B-16
mouse melanoma differ slightly from those of
rat liver reported by Peters (6), possibly be-
cause of the difference of the tissue employed.
The amount of RNA found in ribosomes iso-
lated from these mice melanoma is comparable
to that reported in liver by Palade et al. (21)
and Ogata (13). From these experimental re-
sults and electronmicrographs, the smooth sur-
face membranes and ribosomes isolated from
mouse melanoma are found to be reasonably
pure preparations. As has been described in pre-
vious work (4, 23, 24), the distribution of
tyrosinase activity was determined among four
fractions (nuclear, large granule, small granule
and soluble fraction) isolated from mouse
melanoma, the nuclear fraction contained 28%
of the total activity, the large granule fraction
41—46%, the small granule fraction 14—16% and
the soluble fraction 11% respectively. And when
the nuclear fraction was purified, the nucleus
was found to have no tyrosinase activity. The
large granule fraction was fractionated further
by the density gradient centrifugation and it
*
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was found that almost all the tyrosinase activ-
ity in the large granule fraction was present in
the melanosomes. The smooth surface mem-
branes, corresponding to the vesicles in the
TABLE III
Incorporation of DL-DOP4-C'4 in vivo by
various cell particles of Harding Pa&sey
melanoma and liver of the mouse
Fractions
Time (hrs.) Protein(ig)/
Tissue
(g)1 2 4 $ 16
Melanoma cpm/mg protein
Melano- 100.3 165.5 422.5 428.8 608.7 22.0
somes
Mitochon- 104.7 40.6 59 84.6 35.6 1.8
dna
Smooth 39.2 32.2 32.1 31.8 25.5 2.7
Mem-
branes
Rough 47.8 35.2 49.0 64 41.3 7.9
Mem-
branes
Ribosomes 48.6 18.8(6 hrs)
Liver
Large Gran- 4.7 3.8 4.9 5.0 7.3 17.0
ules
Small 5.1 4.1 5.7 7.6 5.7 26.0
Granules
Ribosomes 1.4 0.3(6 hrs)
S.A.(cpm/mg protein)
Total activity (cpm/g)
16 (hrs.)
Fie. 5. Time course of radioactivity of DL-dopa-
C' into the acid soluble fractions of liver and mela-
noma of living mice with melanoma. The total
radioactivity (counts per minute) of the acid solu-
ble fractions, obtained from homogenates of liver
and melanoma by acid treatment, was determined
at various intervals after injection of DL-dopa-C.
electronmicrograph, were isolated from the
small granule fraction, and almost all the
tyrosinase activity was found to be contained
in the small granule fraction. Although in small
amounts, tyrosinase activity was found to be
present both in the rough surface membranes
and in nibosomes. The soluble fraction recovered
11% of total tyrosinase activity of whole tissue.
It is thought, at the present time, that tyrosinase
activity in the soluble fraction might derive
from the membranous system which was broken
Acidsoluble fraction
o Liver
• Melanoma
600
5CC
40C
30(
2cX
100
0—
0 Melanosome
0 0 + Smooth membrane
A Rough membrane
0/0I
___
A/Ø A A+
16 (hrs.)
FIG. 4. Comparison of the rate of incorporation of DL-dopa-C14 into the melanosomes,
smooth surface membranes and rough surface membranes of Harding Passey mouse mela-
noma. The specific radioactivity (counts per minute per mg protein) was determined at var-
ious intervals after injection of DL-dopa-C'4 into hying mice with melanoma.
12 4 8
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Fie.6. Comparison of the rate of incorporation of
DL-dopa-C" into the melanosomes, and smooth
surface membranes isolated from Harding Passey
mouse melanoma. The specific radioactivity (counts
per minute/mg protein) was determined at various
incubation times.
lysosomal vesicles contain high acid phosphatase
activity.
It has been suggested that substances formed
in the secretory cell may be synthesized in or on
ribosomes which are attached to the membrane
in its interstices. In the form of granules or in
of the endoplasmic reticulum (rough surface
membrane), are then transferred across the
membrane of the network and finally deposited
solution, the secretory product might move
through the channels of the reticulum to the
Golgi zone to be separated into quanta, each
surrounded by its own membranous envelope
(smooth surface membrane), each quantum
possibly becoming a secretory granule. It would
be, therefore, possible to consider, in terms of
protein biosynthesis, the significance of tyrosin-
20 xX18
16
I 4 X
—I2I to X MeinosomesC8 • Smooth
' 6/• me mbrones42
/0 20 30 40 50 60 70
Time in mtnutes
Fm. 7. Comparison of the tyrosinase activity of
melanosomes and smooth surface membranes used
in the in vitro incorporation experiment of DL-
dopa-C'4 shown in Fig. 6. 0.1mg of L-dopa was used
as a substrate in the O.1M phosphate buffer, pH6.8.
mechanically during the homogenization of the
tissue. So-called "melanosomes" may contain
granules, in which tyrosinase activity is not
measurable. This may account for the fact that
the specific tyrosinase activity of "melano-
somes" is lower than that of smooth surface
membranes. In evaluating the tyrosinase activ-
ity of these various cell organdIes, however, it
is necessary to note that Harding Passey and
B-16 mouse melanoma are composed of both
melanoma cells and phagocytes. Hence, al-
though cell particles isolated from these tumors
may be derived from both types of cells, par-
tides showing tyrosinase activity must be dc-
rivcd from the melanoma cell, melanin forming
cell. Melanosomes contained significant amounts
of acid phosphatase and ATFase. This finding
was anticipated since melanosomes are consid-
cred to derive from vesicles or vacuoles which
are located around the Golgi area and these
ase activity in ribosomes, rough surface mem-
branes and smooth surface membranes. The
data obtained in the study of the morphology
and biochemistry of cell components are in sup-
port of the hypothesis proposed previously (25).
Tracer studies were carried out in order to
study the site of melanin formation in melano-
cytes. The enzyme activity involved in melano-
genesis can be studied with each of two radio-
active substrates, tyrosine-C'4 and dopa-C14. The
significance of tyrosine-C'4 incorporation in vivo
is difficult to assess, since its role in normal
cellular metabolism must be distinguished from
its specialized function in melanin synthesis.
Dopa, on the other hand, must bear the label
for the demonstration of tyrosinase activity,
since its metabolic pathways are not as wide-
spread. The other known metabolic pathways
for dopa are via the enzymes dopa decarboxyl-
ase and monoamine oxidase. The former leads to
the formation of cpinephrine in adrenomedulla,
while the latter converts dopa to homovanillic
acid. The quantity of dopa utilized for the de-
carboxylase pathway is very small compared to
that of dopa for active pigment metabolism, and
the dopa decarboxylase does not exist in the
melanoma (26). The pathway for dopa
metabolism via monoamine oxidase is one of
fairly rapid conversion. Exogenously adminis-
trated dopa is not captured by the body for
the homovanillic acid pathway. Thus, when dopa
is administered in melanoma, pathways by
dopa decarboxylase and monoamine oxidasc
need not be considered. And Greenberg and
Kopac have shown in their in vivo experiments
with melanoma in fish that dopa-C14 was in-
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eorporated specifically into pigment cells which
were actively synthesizing melanin (27). As is
shown in Table III, incorporation of dopa-C14 by
the liver, the other two metabolic pathways for
dopa (dopa deearboxylase and monoamine
oxidase) were almost negligible. The labeled
melanin formed by the incorporation of dopa-
C14 appears to accumulate in the melanosomes
but not on smooth surface membranes nor on
rough surface membranes, in spite of the fact
that there is tyrosinase activity present in these
cell particles. The question arises as to why
the accumulation of melanin occurs only on the
melanosomes and not on other cell particles?
Is there any structural difference between
melanosomes and other cell particles in terms of
melanin deposition? Incorporation studies of
dopa-C14 by melanosomes and smooth surface
membranes were carried out in vitro to attempt
to study these problems. From the experimen-
tal results shown in Fig. 6 and Fig. 7, it is quite
clear that dopa-C'4 did incorporate into smooth
surface membranes under the in vitro experi-
mental conditions. The incorporation of dopa-
C14 into melanosomes, however, was much faster
than that of smooth surface membranes. Also
the amount of labeled dopa incorporated into
melanosomes was much greater than that of
smooth surface membranes at the end of 70
minutes. In this particular experiment, the
tyrosinase activity of smooth surface mem-
branes was slightly lower than that of melano-
somes. Even if the lower tyrosinase activity of
the smooth surface membranes was taken into
account in evaluating the results, the difference
of the amounts of dopa-C'4 incorporated into
these cell particles was quite significant. On the
melanosomes, a specific chemical structure may
be present on which melanin (including inter-
mediates of dopa-mclanin reaction) can more
readily be deposited. No incorporation of dopa-
C'4 into these two cell particles was observed
when 10' M cyanide, by which tyrosinasc ac-
tivity is completely inlubited, was added to the
reaction mixture. In the in vivo experiment, the
mitochondria, which do not have tyrosinase
activity and which have been thought to bear
no relation to the melanin formation, did show
small amounts of incorporation of dopa-C'4
Although the meaning of the radioactivity re-
covered in the mitochondrial fraction is not yet
thoroughly understood, the relatively higher
level of radioactivity of the acid soluble fraction
of the melanoma tissue as compared with that of
liver 8 or 11 hours after injection (Fig. 5), may
be of some significance in the mitochondrial
radioactivity.
From the experimental results of these tracer
studies, it is clearly shown that melanin is syn-
thesized only on melanosomes in the melano-
cyte, if the site of dopa incorporation is
acknowledged as the site of melanin formation.
Clark (28) has reported that according to
their electronmicroscopic studies, in the melano-
cyte, melanin formation occurred on the melanin
granules. Recently, Nakai (29) studied the ul-
trastructural localization of tyrosinase activity
in neoplastic melanoeyte using clectronmicro-
scopic radioautography and revealed that an
appreciable amount of dopa-2-C'4 was incor-
porated into melanosomes, and Blois (30) re-
ported that the administration of DL-dopa-C'4
to mice with mouse melanoma resulted in an
appreciable uptake of radioactivity in the mela-
nin pigment of the tumor.
CONCLUSION
Enzyme activities of fractionated cell com-
ponents (melanosomes, mitochondria, smooth
surface membranes, rough surface membranes
and ribosomes) of Harding Passey and B-16
mouse melanomas were studied.
2) Tyrosinase activity was found to be in
melanosomes, smooth surface membranes, rough
surface membranes and ribosomes. The smooth
surface membranes, which is one of the compo-
nents of small granules, showed significantly
high tyrosinase activity.
3) Such a distribution pattern of tyrosinase
among cell particles supports the hypothesis
proposed previously that in the melanin-form-
ing cell, tyrosinase is synthesized in small gran-
ules, which are presumably ribosomes, and sub-
sequently transferred through the endoplasmic
reticulum (rough surface membranes) to the
Golgi area where it is quantized. Each quantum
then probably acquires a membranous envelope
(smooth surface membranes) within which the
tyrosinase is condensed and placed into or onto
the network structure, i.e., melanosome.
4) Incorporation studies of dopa-C'4 into
various cell particles isolated from mouse
melanoma were carried out in order to clarify
the site of melanin formation in melanocyte.
Dopa-C'4 incorporation occurred only in mela-
nosomes.
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5) If the site of the dopa incorporation can
be accepted as the site of melanin formation, it
may be concluded that melanin is synthesized
only in mclanosomcs. Although in mammals
tyrosinase is generally believed to occur only in
the presence of melanin, and vice versa, smooth
surface membranes of mclanocytcs do not ap-
pear to incorporate dopa-C" significantly despite
the presence of tyrosinase activity. It is there-
fore suggested that melanosomes are the specific
site of melanin formation in the melanocyte,
and that the presence of tyrosinasc activity is
not necessarily related to the formation of
melanin.
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